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The publications of the Museum of Zoology, University of Michigan, 
consist of two series  - the Occasional Papers and the Miscellaneous 
Publications. Both ser ies  were founded by Dr. Bryant Walker, Mr. 
Bradshaw H. Swales, and Dr. W. W. Newcomb. 
The Occasional Papers, publication of which was begun in 1913, 
serve a s  a medium for original papers based principally upon the col- 
lections of the Museum. The papers a r e  issued separately to libraries 
and specialists, and, when a sufficient number of pages has been printed 
to make a volume, a title page, table of contents, and index a r e  supplied 
to libraries and individuals on the mailing list for the entire series.  
The Miscellaneous Publications, which include papers on field and 
museum techniques, monographic studies, and other contributions not 
within the scope of the Occasional Papers, a re  published separately, 
and a s  it is not intended they will be grouped into volumes, each num- 
ber has a title page and, when necessary, a table of contents. 
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SURVIVAL RATES, LONGEVITY, AND POPULATION FLUCTUATIONS 
IN THE WHITE-FOOTED MOUSE, PEROMYSCUS LEUCOPUS, 
IN SOUTHEASTERN MICHIGAN* 
INTRODUCTION 
KNOWLEDGE of survival ra tes  and longevity of organisms is often of im- 
portance to the ecologist. A considerable amount of data, for  both verte- 
bra tes  and invertebrates, has accumulated from various studies. Some of 
them deal with wild or  natural populations, others with animals kept in the 
laboratory. Pear l  and Miner (1935) and Deevey (1947) summarized and 
analyzed much of this work. Farner  (1949) listed some of the more recent 
studies which deal with birds. Much related l i terature may be found in a re- 
view by Comfort (1954). In the present study an attempt has been made to 
determine the survival and mortality ra tes  which operated for  several  
seasons on a population of the white-footed mouse, Peromyscus leucopus, 
in a small  a rea  in southeastern Michigan. 
The field work was carried out on the Edwin S. George Reserve of the 
University of Michigan, a locality about 22 miles northwest of Ann Arbor. 
The principal area,  an oak-hickory woodlot, was divided into two approxi- 
mately equal plots (Fig. 1). After some survey trapping in July and 
August, 1949, plot A was completely covered by grid trapping, beginning in 
September, 1949, and continuing through April, 1951. Plot B was trapped 
in a similar manner from July, 1950, until April, 1951. In addition, nine 
other wooded a reas  were trapped for  short  periods. 
This study was made possible by the grant of an Edwin S. George Re- 
serve Fellowship, for  which I was most grateful. To Dr. W. H. Burt, who 
was my adviser, I should like to express my sincere appreciation for  his 
guidance and encouragement throughout. I am also grateful to the other 
members of my doctoral committee, the late Dr. J. Speed Rogers and Drs.  
S. A. Graham, Stanley A. Cain, and F. F .  Hooper, for  their suggestions in 
the preparation of this paper. Dr. Rogers McVaugh generously gave his 
time to identify many plants and to check my determinations. Dr.  C. C. 
Craig kindly furnished much aid and advice in the statistical treatment of 
the data. Dr. Irving J. Cantrall, Curator of the Reserve, was most helpful. 
Mr. Lawrence Camburn, Custodian, obtained various materials for  me 
needed in the field work, and Mrs .  Camburn graciously supplied my board 
during the f i r s t  year of the field study. I wish to express my appreciation 
*A thesis submitted in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy in the University of Michigan. 
Received for publication May 12, 1955. 
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to both Mr. and Mrs. Camburn and to Dr. and Mrs. Cantrall for  the kind 
hospitality extended to me while living a t  the Reserve. I am indebted to 
Mr. William Brudon and Mr. Clifford J. Morrow, Jr. for  the preparation 
of the line drawings. 
DESCRIPTION OF AREA 
The woods in which most of the work was done occupy a morainic up- 
land with well-drained sandy soil. The central portion i s  relatively flat, 
but toward the edges, except on the south and southwest, the ground slopes 
considerably. Abandoned fields border the a rea  on the north, south, and 
part  of the west sides. Marshes occur along the res t  of the western and 
most of the eastern boundary, and there is a swamp around the south- 
eastern corner. The general aspect i s  one of fairly open and rather dry 
oak-hickory woods with much variation in amount of herb and shrub cover. 
Cantrall (1943:41) termed this and similar woodlots on the Reserve 
"xeromesic associations." 
The dominants a re  white oak (Quercus alba),  black oak (Q. velutina), 
shagbark hickory (Carya ovata), and small-f ruited hickory (C. ovalis). A 
small  semipermanent pond is bordered by a few American elm (Ulmus 
americana) and red ash ( ~ r a x i n u s  pennsylvanica) t rees .  Throughout the 
area  a r e  occasional American elm and black cherry (Prunus swotina).  
Wherever the woods border the wet lowlands, red maple (Acer rubrum) i s  
frequent. The understory of trees,  in addition to saplings of the dominant 
oaks and hickories, contains American elm, black cherry, and sassafras  
(Sassafras albidum). Reproduction of the dominants is good. The sub- 
dominant shrubbery is composed chiefly of witch h a z d  (Hamamelis v i r -  
giniana) and black huckleberry (Gaylussacia baccata), but these a re  not 
evenly distributed over the area.  Less  abundant shrubs a r e  hazelnut 
(Corylus americana), gray dogwood (Cornus racemosa) seedlings, Canada 
blueberry (Vaccinium myrtilloides), hawthorn (Crataegus sp.), shadbush 
(Amelanchier arborea), Rubus sp., prickly ash (Xanthoxylum americanum), 
snowberry (Symphoricarpos sp.), and f ros t  grape (Vitis vulpina). In ad- 
dition to the widely distributed sedge, Carex pensylvanica (probably also 
C. communis), the herbaceous cover is chiefly g rass  (Poa compressa), hog 
peanut (Amphicarpa bracteata), tick clover (Desmodium spp.), and bed- 
straw (Galium spp.). Several colonies of may apple (Podophyllum pel-  
tatum) a re  evident in spring and early summer. Other herbs, either be- 
cause of infrequent occurrence o r  the small  number of individuals, add 
little to the total cover. Tall stubs of dead t rees  a r e  ra ther  common, as 
a re  short  stumps and fallen t r ees  in various stages of decay. The l i t ter 
and unincorporated humus layer of the soil (Aoo and A. horizons) together 
average about 5 cm. in thickness. Further description of the vegetation, 
with a quantitative summary, is given in the original thesis which is de- 
posited in the University of Michigan Library. 
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FIG. 1. Outline of Edwin S. George Reserve.  Shaded a r e a s  a r e  oak-hickory woodlots. 
Study plots a r e  marked A and B. 
METHODS AND MATERIALS 
Traps. Two kinds were used. One was a multiple-catch trap, which was 
described by Burt (1940). It was made of one-half inch wood, which offers 
more protection from both heat and cold than a metal or  fiber material, 
and a t  the same time i s  small  and simple to build and operate. The other 
was a single-catch trap, similar in operating principle to one described by 
Blair (1941) but constructed of one-half-inch wood instead of the one- 
quarter-inch pressed wood such a s  he used. Occasionally, mice gnaw 
their way out of these wooden traps,  but they a re  easily repaired, and the 
added insulation i s  well worth this extra  work. Of the two types the Burt 
multiple-catch t rap was, in my experience, preferable for  catching Pero- 
myscus leucopus. The mechanism of the single-catch t rap is more easily 
damaged, or  jammed, by the captive animal, by bait or  nesting material, 
or  by moisture which blows into the entrance and freezes. The traps were 
placed under pieces of roofing paper which were shaped into the form of a 
half- cylinder. These covers were of great value in keeping the t raps  and 
contents dry and also served a s  further insulation against heat and cold. 
The paper was sufficiently heavy to retain i t s  shape and no supporting 
framework was required. This cover is a simplified version of a device 
m 
dN 
$ 2  x x x x x x x  
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used by Dr. F. C. Evans of the Institute of Human Biology, University of 
Michigan, and I am indebted to him for the idea. 
Trap arrangement. Traps were placed in a grid pattern spaced at 18- 
meter (about 20-yard) intervals. Since the traps were not left in place at 
all times, their positions were permanently marked with wooden or metal 
stakes. The single-catch trap was used only in alternate rows and then 
only at alternate positions. Thus, any rectangle of four traps included one 
single-catch and three multiple-catch traps. 
Trapping periods. During breeding seasons each plot was trapped for 
five, occasionally six, days every two weeks. This arrangement was de- 
signed to catch a s  many young mice a s  possible and still keep disturbance 
to the population at a practicable minimum. In nonbreeding seasons the 
five-day period was retained, but there was only one such period every 
four to six weeks, and during the winter of 1949-50 there was one interval 
of about 15 weeks when most of the area was not trapped. When both plots 
A and B were in use, one was trapped for five days, then the traps were 
shifted and the other was trapped for a similar period, so  that ten days 
were required to cover the whole area. 
At the beginning of a trapping period, traps were set in the afternoon. 
On succeeding days they were visited each morning to record and release 
the captive animals. Traps in which Peromyscus leucopus were caught 
were left unset for the following night and then reset. This procedure pre- 
vented the retaking of a mouse at the same trap on successive nights. 
Such repeat catches in the same trap would give an erroneous idea of the 
area covered by the individual. 
Bait. A mixture of corn, wheat, oats, sunflower seed, and rolled oats 
was used for bait and food. Rarely, clover seed was added. 
Marking. Captured animals were serially numbered in a manner simi- 
lar  to that described by Burt (1940). A combination of ear  notching and toe 
clipping was used to mark Peromyscus. Other animals caught were also 
marked. But, since few were taken, ear  notching was sufficient for flying 
squirrels (Glaucomys) and chipmunks (Tamias) and toe clipping for shrews 
(Blarina, Sorex) and the bog lemming (Synaptomys). 
TRAPPING EFFICIENCY 
Efficiency of trapping i s  difficult to determine accurately. Hacker and 
Pearson (1946:339) used the ratio 
actual catch of marked mice 
possible catch of marked mice 
to determine their chance of catching a mouse that was known to be on the 
area. From Table I, a table similar to one devised by Hacker and Pearson, 
the trapping efficiency can be calculated for any given trapping period. 
The catches were grouped in the following manner. All mice caught for the 
f i rs t  time in one trapping period and again for the last time in a subsequent 
period were placed in one group. Each horizontal line of the table repre- 
sents one such group and shows for each trapping period the possible catch 
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and the actual catch. The f i rs t  and last  captures a re  indicated by X's 
since they cannot be used in the calculation. By adding the lines vertically 
the ratio is obtained for  each period. This calculation, of course, gives 
only the chance of recapturing, in a given period, a marked mouse known 
to be present both before and after the period in question. The chance of 
capturing a new mouse is much harder to determine, since we do not know 
how many unmarked mice a re  on the a r e a  a t  any given time. Since immi- 
grants must cover more a rea  than residents, they probably stand more 
chance of being caught. The same holds true for  juveniles, a t  least  a s  
soon a s  they begin to move away from the nest area.  On this assumption, 
then, the actual trapping efficiency for  all  mice on the a rea  should be 
higher than that calculated for  the marked mice. 
The considerable variation from period to period evident (Table I) may 
result  from a difference in degree of activity, which in turn may be corre- 
lated with changes in the physical environment. The relatively low aver- 
age of about 59 per cent may mean that the distance between the t raps  was 
sufficiently great s o  that not all mice contacted a t rap even once in a five- 
day period. Or, i t  may mean, perhaps, that not every mouse entered a 
t rap when it  came upon it. Indeed, tracks in the snow indicate that some 
mice passed very close to a t rap without entering. Another possibility is 
that some individuals do not live continuously in one place, but have two o r  
more residences, perhaps some distance apart. This last  would account 
for  the inability to catch all the marked mice in every five-day period. I 
have records of two mice that moved away from an early residence for  a 
time but later returned. Both were males which were marked when they 
were juveniles. Some time after being marked, each mouse was re- 
captured several  t imes on another par t  of the a r e a  and, eventually, each 
was retaken in the vicinity where i t  had f i r s t  been captured. In another 
instance a male and a female, both marked originally on the study plot, 
were recaptured in an adjoining woodlot. They were not away long, how- 
ever, for  both were taken on the study plot in the periods just before and 
just after this excursion. If this kind of behavior, a tendency to make t r ips  
away from the usual a rea  of activity, accounts for  the results in the table, 
i t  would indicate an e r r o r  in the premise on which the calculation is based 
rather than inefficiency of the trapping method. 
If the data of Table I a r e  rearranged so that the comparison is between 
groups of mice which have been recorded on the a r e a  over different 
lengths of time, some light may be shed on this question. Table 11 shows 
the percentage of possible catch for  mice grouped according to the number 
of weeks between f i r s t  and last  catches. From this table i t  appears that 
mice which have been recorded on the a r e a  for  a s  long a s  40 weeks a r e  
likely to be caught just a s  often a s  those that have been present for  only a 
few weeks. The variation in the last  two columns is probably a result  of 
the smallness of the sample. If many individuals spend periods of several  
weeks away from the area,  then the percentage of catches should be lower 
for  the mice with the longer records. Since the above data do not give any 
definite evidence f o r  this, such behavior must not have been widespread. 
More study, however, i s  needed to clarify this. If i t  should be found that 
some individuals do make relatively long excursions, even though they a re  
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TABLE I1 
Comparison of Actual Catch with Possible Catch for Mice 
Grouped According to the Number of Weeks 
Between First and Last Captures 
of short duration, it would partly explain the ability of some mice to return 
to their home area from distances of several hundred yards or even a mile 
or  more, a s  was observed by Murie and Murie (1931; 1932), Burt (1940), 
and others. 
During the summer of 1950 raccoons repeatedly disturbed the traps. 
At times a s  many a s  100 traps (more than 60 per cent of the total in use) 
were upset in a single evening. The number of captures usually dropped 
on such nights, but generally remained near the average for the period as  
a whole. This was because the returns happened to be high, before the 
peak of disturbance, which usually occurred the last two days of the trap- 
ping period. 
No. of Weeks between First and Last Captures 
ACCIDENTAL DEATH OF MICE 
Disturbance of the traps by other animals occasionally resulted in the 
accidental trapping of mice. Between periods of trapping the traps were 
usually left in the field, but were turned upside down so that a mouse could 
not, supposedly, become trapped. Other animals, particularly the rac- 
coons, sometimes righted the self-setting, multiple-catch traps. When- 
ever this did occur, any mouse that was caught died. As soon a s  this dif- 
ficulty was discovered, it was remedied by leaving the back door of the 
trap open, but in the meantime several mice were lost. 
Predators killed a few mice a s  evidenced by blood and bits of fur that 
were left in the traps. In one instance the remains of two mice, which ap- 
parently had been trapped, were lying just outside the trap. Since only the 
hind quarters remained, the individuals could not be identified by number. 
Once a young female weasel (Mustela frenata) was captured with a mouse, 
which she had evidently killed but not yet eaten. Four other mice were 
killed by animals caught in the trap with them, two by short-tailed shrews 
(Blarina) and two by chipmunks (Tamias). One mouse was killed by an- 
other caught in the same trap with it. The greatest accidental loss, how- 
ever, was the death of mice from the effect of capture. That such deaths 
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trap," may be evidenced by the occurrence of most of such deaths in the 
fall. Perhaps, before the mice have become acclimated to cooler weather, 
they are more susceptible to chilling. Sometimes the bait would be com- 
pletely eaten, but at others there seemed to be sufficient food. The known 
accidental deaths are itemized in Table 111. 
TABLE I11 
Trap Accidentally Set by Other Animals . . . . . . .  6 
Deaths of Peromyscus leucopus Resulting from Trapping 
Intraspecific Fighting in Multiple- 
. . . . . . . . . . . . . . . . . . .  catch Traps 
Predation . . . . . . . . . . . . . . . . . . . . . .  
Cause 
Unknown (perhaps shock, exposure, o r  
other factors) 
Number 
Fi rs t  Captures . . . . . . . . . . . . . . . .  16 
I 
Recaptures . . . . . . . . . . . . . . . . . .  3 7 
Total . . . . . . . . . . . . . . . . . . . . . . .  6 7 
ESTIMATION OF AGE 
As the ages of individual mice must be known in order to determine 
differential survival rates with respect to age and since the ages of adults 
cannot be successfully determined in the field, only mice caught as  juve- 
niles or subadults can be used to observe these rates. Age of young mice 
was estimated a s  follows. The length of time young mice remain in the 
nest was assumed to average 23 days. Svihla (1932: 19) found that in Pero- 
myscus leucopus noveboracensis the mean period of gestation was 23 days 
for nonlactating females. The minimum length of gestation for lactating 
females was also 23 days. Since females commonly have litters in im- 
mediate succession, the weaning age of juveniles must be adapted to the 
minimum time, which i s  23 days. If a second litter i s  not forthcoming, the 
young may not be weaned at this age, but they may, perhaps,venture out of 
the nest. 
To determine the length of the juvenal period (defined here a s  the in- 
terval between the time a mouse leaves the nest and the beginning of the 
postjuvenal molt), an average was obtained for 33 mice in this age group. 
Since trapping periods were frequent, it was possible to reckon that a 
juvenal mouse, when caught for the f i rs t  time, had left the nest midway 
between this capture date and the last day of the previous period. If this 
mouse was caught after the molt had started, the time of beginning of molt 
was considered to be the mid-point between the last capture a s  a juvenile 
and the f i rs t  capture a s  a subadult. An average for the 33 mice gave the 
length of time between leaving the nest and the beginning of molt as 14 t 1 
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day. The length of time a mouse spends in the postjuvenal molt (here re- 
ferred to a s  the subadult period) was ascertained in a similar manner. 
This calculation, based on 18 individuals, gave a mean of 17 2 2 days. 
There was no significant variation between the sexes for either of these 
periods. 
By the use of these figures every immature mouse captured could be 
placed in an age group. Mice in gray pelage (juveniles) were estimated to 
average 30 days of age. This estimate i s  based on the assumption that 
mice caught when in gray pelage were, on the average, at the mid-point of 
the juvenile age interval of 14 days. Thus, 23 days in the nest plus seven 
days as  a juvenile out of the nest gives 30 days a s  the average age of all 
mice caught in the juvenal pelage. Those caught for the f i rs t  time in the 
postjuvenal molt were, under the same assumptions, estimated to average 
46 days of age, 23 days in the nest plus 14 days a s  juveniles outside the 
nest, plus nine days to the mid-point of the postjuvenal molt. These esti- 
mates give somewhat lower ages than those given by Nicholson (1941), for 
the same species and for the same stages of development. Although in my 
estimates there may be an e r ro r  of several days, i t  could not be greatly 
significant for this study, since the calculations to be made on survival 
rates a re  based on weekly intervals. The e r ro r s  a re  not cumulative and 
would likely shift an individual no more than one such interval. 
CAPTURES 
The captures of Peromyscus leucopus a r e  itemized in Table N. For 
each trapping period a re  listed the total number of captures (including re- 
captures), the total number of unmarked individuals, the number of un- 
marked immature mice, and the number of unmarked adults. On all  areas  
trapped 559 individual white-footed mice were caught a total of 1823 times. 
On plots A and B only, 437 mice were caught 1601 times. If all individuals 
a re  considered, the sex ratio was 315 males to 244 females. The apparent 
excess of males may result from a larger area of activity of males. Burt 
(1940:26), found that the maximum a s  well as  the average home range of 
males was greater than that of females. Townsend (1936:38, 82, 83) be- 
lieved that the greater wandering tendency of males influenced the trap- 
revealed sex ratio. A comparison of only the immature individuals, which 
should reduce the effect of this differential movement, gives for the 
present study a ratio of 140 males to 130 females. 
Several other species were caught on the plots during the study. Five 
masked shrews (Sorex cinereus), 118 short-tailed shrews (Blarina brevi- 
cauda), 10 flying squirrels (Glaucomys volans), 47 chipmunks (Tamias 
striatus), one bog lemming (Synaptomys cooperi), and one weasel (Mustela 
frenata) were taken from the traps. 
POPULATIONS 
Although the study area i s  isolated from other woodlots except for 
narrow lanes of shrubs o r  trees,  some mice caught in the woods occupied 













the surrounding a r e a  also. Therefore, in calculating density of population, 
i t  is necessary to consider that the a rea  comprises the woods plus a &r- 
rounding strip. The width of this s t r ip  i s  usually reckoned a s  half the di- 
ameter of the average home range. Stickel (1946) pointed out that the ad- 
dition of a s t r ip  s o  wide could lead to inaccuracies, since the a r e a  of the 
home ranges of the mice theoretically living along i t  would not be equally 
distributed on either side of the original boundary. Rather than one-half, 
she suggested that the fractional par t  of the mean diameter of home range 
to be added should be s o  selected that the a rea  added outside the original 
boundary is equal to that of a similar s t r ip  just inside it. The width of 
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this inner strip would be the remaining fractional part of the mean diame- 
te r  of the home range. In the present study the irregularities of the area 
would make such calculation difficult and, furthermore, in view of the lack 
of knowledge about the actual shape of home ranges, such an exact calcu- 
lation a s  her method requires would probably not be a significant refine- 
ment. Therefore, the width of this outer strip was estimated and then 
checked by planimeter measurements. The proper correction turned out 
to be approximately one-third of the mean diameter of home range. This 
diameter fo r  the sexes combined was determined by Burt (1940) to be 250 
feet. Separate calculations for each sex are not warranted by the data 
here. The effective census areas calculated a s  above are given in Table V. 
TABLE V 
Size (in Acres) of Census Areas 
The sum of the adjusted areas for plot A and plot B does not equal the ad- 
justed area for the combined plots, since the added strips overlap where 
the two plots are contiguous. 
The population i s  calculated on the basis of the number of individuals 
present during each trapping period. The number of different individuals 
caught during one period plus any additional caught in periods both before 
and after were added to obtain the population figure for each period. The 
results are given in Table VI. For purposes of comparison, figures based 
on the original area as  well a s  those based on the adjusted area are in- 
cluded. The densities for the combined plots are in some instances 
greater than for either plot separately. This is true because in those par- 
ticular cases the number of individuals shared by the two plots i s  less than 
would be expected. Thus, the effective census area for the combined plots 
is decreased more by the elimination of the overlapping sections than the 
total number of mice i s  reduced by elimination of duplicate individuals. 
This discrepancy apparently results from the small size of the plots and 
should therefore be reduced if a larger census plot were used. The true 
value of the density figure should be nearer to that obtained for the com- 
bined plots, for which a larger sample i s  available. 
The densities calculated by using the added strip range from 0.5 to 2.9 
individuals per acre (1.2 to 7.2 per hectare). Figure 2 illustrates the 
trend from month to month during the study. Most reports in the litera- 
ture indicate a higher density for this species. Burt (1940) found 3.08 to 
10.87 per acre in upland woods on the Reserve. Working in isolated wood- 
lots he did not use an extra strip in calculating the census area. Stickel 
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TABLE VI 
Total Numbers and Number Per Acre of Peromyscus leucopus Estimated 
to be on the Study Area at Each Trapping Period 
forest in Maryland in September to be 6 to 7 per acre. Hanson (1946), also 
with an adjusted area, reported for woodlands 1.8 to 8.8 mice per acre. 
All three workers used quadrats larger than the average home range of the 
mice. Earlier estimates of over 200 per acre (Williams, 1936) resulted 
from the use of quadrats smaller than the home range. A density figure 
based on a census area smaller than the home range of an individual 
mouse would obviously be erroneous, even if only one mouse were caught 
in such an area. Because more than one individual will usually be taken at 
any given trap, the census area should always be a s  large as  the home 
range and preferably several times larger, that is, if absolute rather than 
relative density i s  wanted. 
There are at least two factors, and probably more, that could account 
for the relatively low density found in this study. The population level 
may vary from one region to another in response to some unknown en- 
vironmental differences. Trapping results in other woodlots on the Re- 
serve indicated that such variation was of significant proportions. The 
number of mice also fluctuates from year to year. The density recorded 













































14 19  
11 15 
Immature 
aa Q Q  
2 15 









10  8 
2 5 
8 10  
1 3 















































































































































I I I I1 I 1 1 1 . 1  1 I I I I I U I 
Sept. Oct. NOV Dee> ,Jon. Feb. Mar. Apr. May June July Aug. Spt. O c t  Nov. Dee) 
T v 
1 9 4 9  1 9 5 0  1951 
FIG. 2. Number (per ac re )  of Peromyscus leucopus on the study area  from September, 1949, to February,  1951 
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in February, 1951. The population level in each case may have been 
nearer a minimum than a maximum. Continuous study of the Peromyscus 
leucopus population on the Reserve for several years would be necessary 
in order to determine the nature of the long-term population fluctuations 
and the positions of these density levels on such a curve. In New Jersey 
Jackson (1952) reported that the density level of P. leucopus on an area 
that he studied dropped appreciably between 1950 and 1951. This simi- 
larity in timing of population decrease in New Jersey and Michigan could 
very well be coincidence, but it i s  possible that some common factor was 
involved. Bole (1939) found the population of P. leucopus in Ohio varied 
greatly from year to year; average populations in upland forests ranged 
from 5.2 per acre to 29 per acre. The densities in Bole's study, which 
were based on quadrats smaller than home ranges of individual mice, are  
perhaps above the true value, but they do indicate the fluctuating tendency 
of the population. 
SURVIVAL RATES AND LONGEVITY 
Rate of disappearance of mice from the study area. The rate of mor- 
tality or survival cannot be interpreted directly from the count of marked 
mice which disappear between one trapping period and the next, because it 
i s  likely that some absent individuals have not died but simply moved off 
the area. Thus, the rate of disappearance of marked mice i s  made up of 
two other rates, a mortality rate and an emigration rate. The disappear- 
ance rate would be less than the sum of these rates by an amount equal to 
the product of the two. This product i s  quite small and in most cases 
probably not too important. 
The mortality rate would be equal to the disappearance rate if there 
were no emigration. Thus, although the mortality rate may be less than 
disappearance rate, it cannot be more. The f i rs t  problem then i s  to deter- 
mine the rate of disappearance and to discover whether it varies with age. 
This may be done by studying the ser ies  of mice which were caught when 
young enough to be satisfactorily aged. 
If the rate of disappearance i s  age constant, then the number of indi- 
viduals remaining on the area should decrease at a constant rate from one 
age level to the next. The mathematical formula for this would be a curve 
of the type, 
where X i s  the age level, Y i s  the number of individuals still on the area 
that have attained age X, and a and b are constants. To determine how 
well the data fit such a curve it i s  transformed into a straight-line equation 
by restating it in the logarithmic form, 
log Y = log a + X log b , (2) 
and the data are fitted to this line by the method of least squares (Rider, 
1939:27-34). The sum of the squared deviations of the observed values 
from a line so calculated is at a minimum. Hence, by this criterion, we 
obtain the best-fitting line. 
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The value of log a in the equation depends on the number of individuals 
in the ser ies  and does not enter into the discussion of rates. The value of 
log b ,  however, i s  important, since it indicates the slope of the logarithmic 
curve and, hence, i s  a function of the rate of disappearance of the marked 
mice. 
The data were divided into six sets, one for each sex at each of three 
seasons of birth (fall of 1949, spring and summer of 1950, and f a 1  of 1950), 
to be fitted to the above curve. These six series are shown in Table VII. 
Individuals accidentally killed in the traps are excluded. Column X gives 
the age in weeks from five weeks on. Five weeks was the youngest age 
group that contained a representative sample. The number of marked 
individuals known to be on the area i s  given in column Y. Column Z l ists 
the logarithms of the numbers in column Y. 
TABLE VII 
Number of Peromyscus leucopus, Marked a s  Juveniles o r  Subadults, 
that Remained on the Area in Succeeding Weeks 
Column X, gives the age in weeks; 
Column Y, the number of mice that have reached age X and a re  still on the area;  
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The values of log a and log b were calculated and substituted in ( 2 )  to 
give, 
Males born in fall of 1949 log Y = 1.5841 - .07032 X ( 3 )  
Females born in fall of 1949 log Y = 1.6624 - .03430 X ( 4 )  
Males born in spring and summer of 1950 log Y = 1.6276 - .05778 X ( 5 )  
Females born in spring and summer of 1950 log Y = 1.6445 - .05428 X ( 6 )  
Males born in fall of 1950 log Y = 1.7590 - .04960 X ( 7 )  
Females born in fall of 1950 log Y = 1.7954 - .04194 X ( 8 )  
The coefficient of correlation, Y, a measure of the amount of e r ror  in 
the values of log Y predicted from the above regressions, i s  quite high, 
indicating that the equations fit the data well and that the disappearance 
rates are relatively age constant. The values of Y are  given below. 
Regression Equation Correlation Coefficient 
The regressions ( 3 )  through ( 8 )  have been plotted along with the ob- 
served values of Y in Figure 3. The deviations of the observed values 
from each of the lines are the e r rors  of prediction, a measure of which i s  
given by the respective correlation coefficients. However, this measure 
gives no indication whether the deviations are random or  whether the devi- 
ations occur at certain positions in each series. If they are random, the 
above equations give the best practical fit. If the deviations are not ran- 
dom, then other curves could be fitted to the six series to reduce the 
e r ror  still further and perhaps to define more precisely the biological 
processes being observed. A glance at the figures will show that there is 
a tendency in some cases for the deviations to be regular. These fluctu- 
ations may be related to age, season, or some other factor, but the deter- 
mination of their reality and importance will have to await the accumu- 
lation of more data. In this study the e r ror  appears to be sufficiently 
small, so  that the general trend may be used a s  a base for further investi- 
gation. 
In further references to age-constant rates for the mice studied, it 
shall be implied that individuals younger than five weeks are excluded and 
that minor deviations from the rates do exist and may later be shown to 
have a biological significance. It may be that five weeks i s  still too young 
and that rates do not tend to become age constant until later. 
The conclusion that the disappearance rate is not greatly affected by 
age i s  in agreement with the findings of other workers. In a study of the 
Tulare kangaroo rat  ( ~ i p o d o m y s  heermanni )  on an eighty-acre area, Fitch 
2 2 DANA P. SNYDER 
THE WHITE-FOOTED MOUSE 2 3 
(1948:28) found that young rats  had essentially the same survival expect- 
ancy as  adults, and that females did not differ significantly from males in 
this respect. Green and Evans (1940) reported mortality rates for snow- 
shoe hares (Lepus americanus) a s  more or  less  age constant, although if I 
correctly understand their methods, this mortality could include emigra- 
tion from the area and, hence, would actually be a disappearance rate. 
Blair (1948) found that the disappearance of both P. maniculatus and P. 
leucopus from a census area was similar for four seasons of the year. 
Since the age composition i s  different in different seasons, the rates a re  
likely to have been independent of age. Hacker and Pearson (1946) found 
the survival rate for Apodemus sylvaticus in England to be quite constant 
during the winter months. 
Tests were next made to determine the significance of the differences 
in disappearance rates among the six sets  of data. A significant difference 
in the values of log b for  any two sets  was considered to represent signifi- 
cant differences in disappearance rates. The test used i s  one given by 
Rider (1939:94-95). Differences were highly significant between males and 
females born in the fall of 1949, but not between sexes born at other sea- 
sons. However, the actual calculated rates a re  consistently higher for 
males than for females. Even though these differences are  statistically 
significant only in the 1949 instance, they may be true differences result- 
ing from the greater range of movement of the males. The tests also 
show that season of birth may affect disappearance rate. In males there 
was a significant difference between those born in the fall of 1949 and 
those born in the fall of 1950. In females, on the other hand, there was a 
significant difference between the fall-born and spring- and summer-born 
individuals. Because of these differences the data could not be combined 
further in any consistent manner. Therefore, the sexes a re  treated sepa- 
rately for each season (as  in equations 3 to 8), even though in some in- 
stances real difference~ have not been demonstrated. 
Winter Mortality. An estimate of mortality rate may be arrived at by 
measuring the change in population size during nonbreeding seasons. Al- 
though some individuals a re  lost by emigration, others come in to take 
their place. If this interchange i s  assumed to be approximately balanced, 
the net loss throughout the winter represents the mortality. The rates, 
based on one-week intervals, have been determined from the decrease in 
total population from the latter part of November until April for 1949-50; 
and during December, January, and February for 1950-51. The method i s  
the same a s  that used in calculating the disappearance rate. The data 
were fitted to equation (2) and the value of log b determined. Since we are  
now interested in actual rates  (rather than regression slopes) the antilog 
(b), which gives the weekly survival rate, i s  obtained. By subtracting b 
from one, we arrive at the mortality rate. The results of this procedure 
a re  given in Table VIII. The difference between sexes i s  not significant by 
the test used above (Rider, 1939:94-95); hence, the values for the com- 
bined data a re  used for further calculations. By the same test the differ- 
ence between the two seasons appears to be real, with the probability of 
deviation frofn the same rate between 0.02 and 0.01. The seasonal rates 
are, therefore, considered separately. 
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In order to compare this mortality with disappearance, rates for the 
latter were also computed from log b for regressions (3), (4), (7), and (8). 
The results a re  given in Table M, along with the mortality rates from 
Table VIII. In the winter of 1949-50, mortality rates were low compared 
with disappearance rates; many marked individuals must have moved out 
and been replaced by unmarked mice from other areas. This was es- 
pecially pronounced among the males. The next winter season, 1950-51, 
Average Weekly Rate of Decrease of Population (Mortality Rate) 





Comparison of Weekly Disappearance Rates and Weekly Mortality Rates 




Disappearance Rate ,1495 .lo79 .0759 .092 1 
Mortality Rate . . . . 1 . . . . 0377 1 0806 1 0377 1 0806 
Males 
1949-50 1 1950-51 
when the mortality rate was considerably higher in both sexes, the disap- 
pearance rate was somewhat lower in males and only slightly higher in 
females. Since most of the loss of marked individuals could be accounted 
for by mortality, movement out of the area must have been reduced. An 
interesting point here is that the lower mortality occurred during the 
winter of 1949-50 when population density was relatively higher. When the 
density was less, 1950-51, the mortality rate was higher. 
These results indicate that during the nonbreeding season, in the par- 
ticular area studied, mortality and emigration tended to vary inversely 
with respect to time. From the nature of the data it would seem that these 
varying rates were not related to age distribution but to some other factor 
(or factors), perhaps environmental rather than inherent in the population 
and not age specific in its effects. If age-constant disappearance rates 
were maintained under mortality rates which were age specific, the mor- 
tality would necessarily vary inversely with emigration with respect to 
age. The evidence does not point to this possibility, and the alternative, 
that age-constant rates for both mortality and emigration produce age con- 
stant disappearance rates, i s  a simpler explanation. This alternative re- 
quires only that (with respect to age) mortality and emigration occur at 
random. If environmental factors produce a change in rates, this change 
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mortality and emigration, but they would still not necessarily be age spe- 
cific. Two different concepts are  involved here and they should be re- 
stated for clarity (in both, reference is to individuals over five weeks of 
age). (1) Mortality and emigration may vary inversely over a period of 
time but without respect to age. (2) Mortality and emigration at any given 
time probably are constant with respect to age. The data which have been 
presented indicate that the f i rs t  concept i s  valid for the area studied. The 
second concept gives the simplest explanation of the age-constant disap- 
pearance shown by the data. Age-constant mortality is not unknown in 
other warm-blooded vertebrates. Many species of birds exhibit age- 
constant rates (Farner, 1945; Lack, 1943a, b, c; Nice, 1937). In certain 
instances laboratory populations of mice have shown age-constant mor- 
tality (Greenwood, 1928); and this point will be discussed further, below. 
The inverse relationship between mortality and migration i s  not in 
agreement with the theory of Kalabuchow (1935). His paper has only a 
short English summary, but much of his discussion i s  given by Elton 
(1942). Kalabuchow believed predation important in regulating population 
levels and that high populations, by causing increased movement in search 
of food, resulted in greater vulnerability to predators and, hence, higher 
mortality, and that low populations had the opposite effect. But, in the 
present study, low mortality seems to accompany high-movement rates, 
and high mortality low-movement rates. This is more like Errington's 
(1946) concept of compensatory actions in regulation of population size. 
Whenever density i s  high because of low mortality (as  a result of unknown 
factors), there i s  a tendency to move out into other areas. If mortality is 
high, the population decreases rapidly and the need for dispersion i s  con- 
sequently lessened. 
The question resolves itself into one of cause and effect, with the pres- 
ent data indicating that the amount of movement i s  a result and the mor- 
tality rate a cause. Mortality indirectly affects dispersal by its influence 
on population density. These data give no evidence that dispersal move- 
ments affect mortality, at least in any obvious manner. This conclusion is 
based on conditions during a short period of less than two years in one re- 
stricted area, and thus furnishes only a small bit of evidence in the over- 
all picture. Certainly, more investigation i s  needed. Since rate of disap- 
pearance from a given area i s  not necessarily a reliable estimate of the 
mortality rate in that area (unless loss by migration can be accurately 
measured), additional techniques are desirable. Perhaps the more precise 
but somewhat more involved methods recently developed, particularly in 
England (Leslie and others, 1953; Moran, 1952), will lead to a better solu- 
tion of this problem. 
Longevity. ,Using the inferred winter mortality rates (.0377/week, 
1949-50; .0806/week, 1950-51) and considering them age constant, we can 
set up a table of survival to show the mean longevity and life expectancy 
which would occur under the winter conditions that existed during the 
study. The mortality at other seasons i s  unknown, but it probably lies 
well below the disappearance rates (.1246/week, males; .1175/week, 
females) recorded for spring-born and summer-born mice. Table X re- 
cords the number out of a group of 1000 five weeks of age that would 
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survive to various ages under each mortality rate. Since the data do not 
show any significant difference in winter mortality between males and 
females, the table i s  based on the mortality of the population with sexes 
combined. However, the rates probably do vary to some extent between 
the sexes, especially during the breeding season. 
With the high rate of mortality in the winter of 1950-51 only one mouse 
in a. thousand would be expected to reach an age of 93 weeks; with the 
lower rate of the previous winter 34 mice could be expected to reach 93 
TABLE X 
Theoretical Number of Survivors to Ages Shown, 
Out of a Group of 1000 Peromyscus leucopus, Aged Five Weeks 
Group I is based on the age-constant mortality rate (.0377/week) 
for the winter of 1949-50; 
Group 11, on the rate (.0806/week) for  the winter of 1950-51. 
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weeks, and at least one would probably reach 197 weeks. Such old indi- 
viduals a re  not generally caught, probably because the mortality rates 
seldom, if ever, remain continuously at low levels; and even if they did, 
these old mice would constitute only a very small proportion of the popu- 
lation. Out of 1382 marked, Burt (1940) found a few mice living to one 
year of age and only one approaching two years. Some of these, of course, 
would not have been a year old when his study ended, but the small pro- 
portion of old individuals i s  still significant. In this study, I have record 
of only one individual, a male, that was more than a year old. Pearson 
(1953:206) noted a comparable situation in Peromyscus populations in 
Florida. He stated, "Records of longevity ... suggested that at least 28 per 
cent of the resident population of gossypinus lived at least 100 days after 
reaching adulthood, with one individual living nearly two years under natu- 
ral  conditions. Sixty per cent of the resident nuttalli population lived 
longer than three months after reaching adulthood and one individual sur- 
vived nearly two and a half years." 
The mean length of life, beyond five weeks, of individuals that have at- 
tained that age, would be 26.5 weeks under the low mortality rate and 12.4 
under the higher rate. The mean length of life from birth for such indi- 
viduals would be 31.5 and 17.4 weeks, respectively. It i s  not possible at 
this time to calculate the average longevity for an entire group of mice 
which a re  born, because mortality rates for the early weeks a re  unknown. 
Presumably, rates for very young individuals are  higher than those given 
above, and if these were included the average life span would be reduced 
accordingly. 
Blair (1948) estimated the average life span of P. leucopus to be a little 
less  than five months, and he believed that survival was about the same at 
all seasons. Since he based his figures on disappearance from the study 
plots, actual length of life was probably longer. Five months would be 
within the range indicated by my data (Table X). McCabe and Blanchard 
(1950) give roughly comparable data for P. maniculatus gambeli, P. truei 
gilberti, and P. c .  californicus. Their estimates of the average life span 
of these three forms a re  152 days, 190 days, and 275 days, respectively. 
Their figures a re  based on individuals which have reached a trappable age 
and not on total number born. 
Lankester (1870) long ago distinguished, particularly with respect to 
lower animals, between potential longevity and mean duration of life, 
which he called specific longevity. Mitchell (1911) suggested that com- 
parison of these measures of longevity would give a rough indication of the 
severity of the natural conditions of living, and he applied the idea to cap- 
tive animals in zoological parks. In the present study a comparison of 
these measures was made to emphasize the difference between relatively 
fast-breeding species, like Peromyscus leucopus, with high population 
densities and slower breeding, low-density species. 
Some idea of potential longevity may be obtained from captive animals. 
Flower (1931) and Mitchell (1911) have listed the ages of many of the 
longest lived zoo animals, and Bourli6re (1951) has added some recent in- 
formation. Reports by Sumner (1922; 1932) and Dice (1933) show that the 
potential life span of mice of the genus Peromyscus may be a s  high a s  six 
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to eight years. My study, like preceding ones (Blair, 1948; Burt, 1940; 
Hamilton, 1942), indicates that the great majority of the individuals never 
reach such potential ages. Thus, most of these small herbivorous mam- 
mals live only through their prime and probably do not experience physi- 
ological old age. In the case of birds this point has been made by Farner 
(1945:69) in relation to age-constant mortality rates. He stated, ". . . i t  
i s  possible, if mortality rates in Robins are affected by experience over a 
period of years or  by physiological old age, that the vast majority die be- 
fore they reach the age at which these factors become effective." If this 
statement i s  true for the American robin, which has an average natural 
longevity (for birds that reach their f i rs t  November 1st) of about 10 to 20 
per cent of the potential longevity, it may be even more applicable to P. 
leucopus which, according to the present study, has an average natural 
longevity of only 5 to 10 per cent of potential longevity. This low ratio of 
mean to potential longevity may account for the relatively constant rate of 
mortality (after the juvenile period) found for this mouse. Perhaps the 
same situation occurs in other small, relatively fast-breeding mammals. 
Fitch (1948) reported that 35.2 per cent of the kangaroo rats  taken during 
a four-year live-trapping program had records that extended over not 
more than one month, 34.2 per cent had records of one to six months on 
the study area, and only 4.7 per cent had records extending for more than 
a year. The longest record was 33 months for an individual marked a s  a 
partly grown juvenile. Fitch believed mortality accounted for more of the 
disappearance from the study area than did migration. As already noted 
(p.23), these rates found by Fitch were not age specific, and the average 
longevity would seem to be a small per cent of potential. The mean lon- 
gevity of a wild population of Rattus norvegicus (Davis, 1948) was much 
less  than the potential, but in this study there was some evidence that mor- 
tality increased with age. 
Some of the larger, slower breeding, less numerous herbivores appear 
to have agespecific mortality rates such a s  are experienced by man; that 
is, there is a decrease in rate through middle life and an increase again in 
later life. Figures for the Dall sheep (Ovis d. dalli), given by Murie (1944) 
and further analyzed by Deevey (1947), show the latter type of mortality. 
In this case, which is possibly representative of the larger herbivores, 
physical condition or some other factor gives the individuals in early adult 
life a better chance of survival than older ones have. Perhaps the older 
animals are experiencing physiological old age; if so, these sheep may 
have an average longevity approaching 50 per  cent of potential, a figure 
roughly comparable to that for man. Flower's figures (1931) for zoo ani- 
mals show that many Carnivora and some ungulate families have a mean to 
potential longevity ratio of about 50 per cent. However, it might be ex- 
pected that the mean length of life for zoo ariimals would be somewhat 
higher than for wild populations. 
Age-specific rates of mortality show up in laboratory populations of 
small herbivorous mammals. These mammals probably reach physio- 
logical old age because they are in a protected environment. Such curves 
have been shown by Leslie and Ranson (1940) for Microtus agrestis, by 
Wiesner and Sheard (1935) for albino rats (Rattus norvegicus, from Wistar 
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stock) and by Greenwood (1928) for 'mice." But Greenwood (1928:277-78), 
discussing the survival of mice subjected to the risk of fatal infection, 
stated that once mortality rates had reached an early maximum they re- 
mained constant with respect to age. Here disease substitutes for some of 
the natural mortality factors and may approximate more closely the con- 
ditions in a wild population. 
Bidder Vide Pear and Miner, 1935) believed that age-constant mortality 
rates are  characteristic of aquatic organisms and that indeterminate 
growth accounted for the absence of senescence. However, if mortality 
rates are  high enough, as  they appear to be in many small animals, such 
conditions do not have to be postulated for age-constant mortality. Many 
of the species which have high reproductive potentials might be found to 
have age-constant mortality rates (for the life span over which they have 
any practical chance of surviving), if they could be studied under natural 
conditions, in which practically all factors can operate and in which the 
probability of reaching senility i s  negligible in comparison to the proba- 
bility of dying during the period of physiological optimum. In the labora- 
tory, with many of the mortality factors removed and the mean length of 
life greatly increased, these same species would be expected to experience 
a mortality rate which varied with age. 
SUMMARY 
This study to determine survival rates and longevity in Peromyscus 
leucopus was carried out on the Edwin S. George Reserve of the University 
of Michigan. Data were obtained by live trapping, marking, and releasing 
individual mice from July, 1949, to April, 1951. The study plot was an oak- 
hickory woodlot 22.2 acres (9.0 hectares) in size. Traps were placed in a 
grid pattern a t  18-meter intervals. 
Average trapping efficiency for a five-day trapping period, based on the 
assumption that individuals did not leave the plot between captures, was 59 
per cent. Individuals with long records (25-64 weeks) on the area proved 
about a s  likely to be recaptured at any given trapping period a s  individuals 
with only short records (0-24 weeks). This result furnished evidence 
against the possibility that a sizable proportion of the mice spent periods 
of several weeks on areas other than the study plot. It did not rule out, 
however, the possibility that some of the individuals may make relatively 
long excursions for short periods of time and thus become familiar with 
much of the region outside their home range. These brief excursions were 
noted only once during the study, but they might, if common, account for' 
the ability of some mice to return to their home area from relatively long 
distances. 
During the study 67 mice were accidentally killed as  a result of the 
trapping procedure. Fifty-three of these deaths were caused by the traps 
directly; interference by other animals accounted for the others. 
Age estimates of immature mice were based on pelage. Mice in gray 
pelage when f i rs t  captured (juveniles) were estimated to average 30 days 
of age; mice which were undergoing the postjuvenal molt when f i rs t  cap- 
tured (subadults) were estimated to average 46 days. 
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In the course of the study 559 individual Peromyscus leucopus were 
captured a total of 1823 times. Density of population was calculated (1) by 
using an adjusted area to account for individuals living partly inside and 
partly outside the trapped area and (2) by using only the original study plot 
a s  the effective census area. Based on the adjusted area the density 
varied from 0.5 to 2.9 individuals per acre (1.2 to 7.2 per hectlra). The 
highest density occurred in the fall of 1949, the lowest in February, 1951. 
The rates of disappearance of marked individuals of known age were 
determined for each sex for each of three seasons of birth (fall of 1949, 
spring and summer of 1950, and fall of 1950). The data for each of the six 
groups were fitted to the curve log Y = log a + X log b, with a relatively 
high correlation (3-0.94) being obtained in each instance. The disappear- 
ance rates were thus believed to be essentially constant with respect to 
age for mice over five weeks. The rates  tended to vary, however, between 
sexes and in some instances from season to season. 
On the assumption that migration into and out of the area was approxi- 
mately balanced, mortality rates were calculated from decrease of the 
population during the winter seasons. In the winter of 1949-50, mortality 
was low a s  compared to disappearance, and emigration must have ac- 
counted for a large share of the loss of marked individuals. In the winter 
of 1950-51, most of the disappearance could be accounted for by mortality; 
hence, emigration must have been reduced. The low mortality rate of the 
winter season of 1949-50 occurred when population density was relatively 
high. The higher rate of mortality during the winter of 1950-51 was ac- 
companied by lower population density. 
Calculated mortality rates  for the two winter seasons were 0.0377 per 
week in 1949-50 and 0.0806 per week in 1950-51. A survival table was 
constructed for each rate. Under the lower rate, the mean duration of life 
for mice which reached five weeks of age would be 31.5 weeks, with one 
individual out of 1000 (aged five weeks) expected to reach 197 weeks. 
Under the higher rate, the mean duration of life for mice which reached 
five weeks would be 17.4 weeks, with only one individual out of 1000 (aged 
five weeks) expected to reach 93 weeks. 
The ratio of mean to potential duration of life was used to compare 
small, relatively fast-breeding species with high population densities with 
slower breeding, low-density species. A low ratio (5 to 10 per cent) and 
age-constant mortality rates (after very early life) seem to be character- 
istic of fast-breeding species under natural conditions, whereas a high 
ratio (50 per cent o r  higher) and agespecific mortality rates a re  charac- 
teristic of some of the slower breeding, low-density species. It appears 
likely that many small mammals which, in the laboratory, show age- 
specific mortality experience age-constant mortality rates during the life 
span which they normally cover in the wild. 
THE WHITE-FOOTED MOUSE 
LITERATURE CITED 
Blair, W. Frank 
1941 A Simple and Effective Live Trap for  Small Mammals. Journ. Wildlife Mgt., 
5:191-93, 1 fig. 
1948 Population Density, Life Span, and Mortality Rates of Small Mammals in the 
Blue-grass Meadow and Blue-grass FieldAssociations of Southern Michigan. 
Amer. Midl. Nat., 40:395-419, 2 figs. 
Bole, B. P., J r .  
1939 The Quadrat Method of Studying Small Mammal Populations. Sci. Publ. Cleve- 
land Mus. Nat. Hist., 5:15-77, 3 figs. 
~ o u r l i & r e ,  F. 
1951 Vie e t  moeurs des mammifcres. Paris:  Payot. 249 pp., 8 pls., 69 figs. 
Burt, William H. 
1940 Terri torial  Behavior and Populations of Some Small Mammals in Southern 
Michigan. Misc. Publ. Mus. Zool. Univ. Mich., No. 45:l-58, 2 pls., 8 figs., 
2 maps. 
Cantrall, Irving J.  
1943 The Ecology of the Orthoptera and Dermaptera of the George Reserve, Michigan. 
Misc. Publ. Mus. Zool. Univ. Mich., No. 54:l-182, 10  pls., 2 maps. 
Comfort, Alex 
1954 Biological Aspects of Senescence. Biol. Rev., 29:284-329, 2 figs. 
Davis, David E. 
1948 The Survival of Wild Brown Rats on a Maryland Farm. Ecology, 29:437-48, 
6 figs. 
Deevey, Edward S., J r .  
1947 Life Tables for Natural Populations of Animals. Quart. Rev. Biol., 22:283-314, 
9 figs. 
Dice, Lee R. 
1933 Longevity in Peromyscus maniculatus gvacilis. Journ. Mammal., 14:147-48. 
Elton, Charles 
1942 Voles, Mice and Lemmings. Oxford: Clarendon Press .  496 pp., frontis., 
22 figs. 
Errington, Paul L. 
1946 Predation and Vertebrate Populations. Quart. Rev. Biol., 21:144-77; 221-45. 
Farner ,  Donald S. 
1945 Age Groups and Longevity in the American Robin. Wilson Bull., 57:56-74. 
1949 Age Groups and Longevity in the American Robin: Comments, Further Dis- 
cussion, and Certain Revisions. Ibid., 61:68- 81. 
Fernald, Merrit t  Lyndon 
1950 Gray's Manual of Botany. 8th ed.; New York: American Book Company. 
lxiv + 1632 pp., 1806 figs. 
Fitch, Henry S. 
1948 Habits and Economic Relationships of the Tulare Kangaroo Rat. Journ. 
Mammal., 29:5-35, 2 pls., 3 figs. 
Flower, Stanley S. 
1931 Contributions to Our Knowledge of the Duration of Life in Vertebrate Animals. 
V. Mammals. Proc. Zool. Soc. Lond., 1931:145-234. 
Green, R. G., and C. A. Evans 
1940 Studies on a Population Cycle of Snowshoe Hares on the Lake Alexander Area. 
Journ. Wildlife Mgt., 4:220-38; 267-78; 347-58, 9 figs. 
3 2 DANA P. SNYDER 
Greenwood, Major 
1928 ULaws" of Mortality f rom the Biological Point of View. Journ. Hygiene, 
28:267-94. 
Hacker, H. P., and H. S. Pearson 
1946 The Growth, Survival, Wandering and Variation of the Long-tailed Field Mouse, 
Apodemus sylvaticus. 11. Survival (by H. P. Hacker). Biometrika, 33:333-61, 
5 figs., 1 map. 
Hamilton, W. J., J r .  
1942 Winter Reduction of Small Mammal Populations and i t s  Probable Significance. 
Amer. Nat., 76:216-18, 1 fig. 
Hanson, Harold C. 
1946 Small Mammal Censuses near Pra i r ie  du Sac, Wisconsin. Trans. Wisc. Acad. 
Sci., Arts, and Letters (1944), 36:105-29. (Issued 1946.) 
Jackson, William B. 
1952 Populations of the Wood Mouse (Peromyscus leucopus), Subjected to the Appli- 
cations of DDT and Parathion. Ecol. Monogr., 22:259-81, 3 figs. 
Kalabuchow, N. 
1935 On the Causes of the Fluctuations in Numbers of Mouse-like Rodents. [ ~ n g l i s h  
summary of ~ u s s i a n . ]  Zoologicheskii Zhurnal, 14:209-42, 6 figs. 
Lack, David 
194Sa The Age of the Blackbird. Brit. Birds, 36:166-75. 
1943b The Age of Some More British Birds. Ibid.,pp. 193-97; 214-21. 
1 9 4 3 ~  The Life of the Robin. London: H. F. & G. Witherby. 200 pp., frontis., 8 pls., 
6 figs. 
Lankester, E. Ray 
1870 On Comparative Longevity in Man and the Lower Animals. London: MacMillan 
and Co. ix + 135 pp. 
Leslie, P. H., Dennis Chitty, and Helen Chitty 
1953 The Estimation of Population Parameters from Data Obtained by means of the 
Capture-recapture Method. 111. An Example of the Practical Applications of 
the Method. Biometrika, 40:137-69., 1 fig. 
Leslie, P. H., and R. M. Ranson 
1940 The Mortality, Fertility and Rate of Natural Increase of the Vole (Microtus 
agvestis)as Observed in the Laboratory. Journ. Animal Ecol., 9:27-52, 2 figs. 
McCabe, Thomas T., and Barbara D. Blanchard 
1950 Three Species of Peromyscus. Santa Barbara: Rood Associates. v + 1'36 pp., 
32 figs. 
Mitchell, P. Chalmers 
1911 On Longevity and Relative Viability in Mammals and Birds; with a Note on the 
Theory of Longevity. Proc. Zool. Soc. Lond., 1911:425-548. 
Moran, P. A. P. 
1952 The Estimation of Death-rates from Capture-mark-recapture Sampling. 
Biometrika, 39:181-88. 
Murie, Adolph 
1944 The Wolves of Mount McKinley. Fauna of Nat. Parks  of U. S., Fauna Ser. No. 5: 
xi% + 238 pp., frontis., 58 figs. 
Murie, 0. J., and Adolph Murie 
1931 Travels of Peromyscus. Journ. Mammal., 12:200-209, 1 fig. 
1932 Further Notes on Travels of Peromyscus. Ibid.,  135'8, 79. 
Nice, Margaret M. 
1937 Studies in the Life History of the Song Sparrow. I. Trans. Linnaean Soc. N. Y., 
4: vi + 247 pp., 3 pls., 18 charts, 14 maps. 
THE WHITE-FOOTED MOUSE 33 
Nicholson, Arnold J.  
1941 The Homes and Social Habits of the Wood-mouse (Feromyscus leucopus 
noveboracmsis) in Southern Michigan. Amer. Midl. Nat., 25:196-223, 3 figs. 
Pearl ,  Raymond, and John R. Miner 
1935 Experimental Studies on the Duration of Life. XW. The Comparative Mortality 
of Certain Lower Organisms. Quart. Rev. Biol., 10:60-79, 5 figs. 
Pearson, Paul G. 
1953 A Field Study of Perornyscus Populations in Gulf Hammock, Florida. Ecology, 
34:199-207, 3 figs. 
Rider, Paul R. 
1939 An Introduction to Modern Statistical Methods. New York: John Wiley and Sons. 
ix + 220 pp., 17 figs. 
Stickel, Lucille F. 
1946 Experimental Analysis of Methods for Measuring Small Mammal Populations. 
Journ. Wildlife Mgt., 10:150-59, 3 figs. 
Sumner, F. B. 
1922 Longevity in Peromyscus. Journ. Mammal, 3:79-81. 
1932 Genetic, Distributional, and Evolutionary Studies of the Subspecies of Deer 
Mice (Peromyscus). Bibliographia Genetica, 9:l-106, 24 figs. 
Svihla, Arthur 
1932 A Comparative Life History Study of Mice of the Genus Peromyscus. Misc. 
Publ. Mus. Zool. Univ. Mich., No. 24:l-39. 
Townsend, Myron T. 
1936 Studies on Some of the Small Mammals of Central New York. Roosevelt Wild 
Life Annals, 4:6-120, 22 figs. 
Wiesner, B. P., and N. M. Sheard 
1935 The Duration of Life in an Albino Rat Population. Proc. Royal Soc. Edinburgh, 
55:l-22, 5 figs. 
Williams, Arthur B. 
1936 The Composition and Dynamics of a Beech-maple Climax Community. Sci. 
Publ. Cleveland Mus. Nat. Hist., 6:l-92, 16 figs. 

(CONTINUBD FROM INSWE FRONT COVER) , 
No. 30. The Darters of the Genera Hololepis and Villora. By Carl L. Hubbs and Mott Dwight 
Cannon. (1935) Pp. 93, 3 plates, 1 figure 
No. 31; Goniobasis of the Coosa River, Alabama. By Calvin Goodrich. (1936) Pp. 60, 
1 plate, 1 figure. 
No. 32. Following Fox Trails. By Adolph Murie. (1936) Pp. 45, 6 plates, 6 figures 
No. 33. The Discovery of the Nest of the Colima Warbler (Vermivora crissalis). By 
Josselyn Van Tyne. (1936) Pp. 11, colored frontis., 3 plates, 1 map 
No. 34. Mollusca of petkn and North Alta Vera Paz, Guatemala. By Calvin Goodrich and 
Henry van der Schalie. (1937) Pp. 50, 1 plate, 1 figure, 1 map . 
No. 35. A Revision of the Lamprey Genus Ichthyomyzon. By Carl L. Hubbs and Milton B. 
Trautman. (1937) Pp. 109, 2 plates, 5 figures, 1 map . 
No. 36. A Review of the Dragonflies of the Genera Neurocordulia and Platycoltdulia. By 
Francis Byers. (1937) Pp. 36, 8 plates, 4 maps , 
No. 37. The Birds of Brewster County, Texas. By Josselyn Van Tyne and George Miksch 
Sutton. (1937) Pp. 119, colored frontis., 5 plates, 1 map 
No. 38. Revision of Sciurus variegatoides, a Species of Central American Squirrel. By 
William P. Harris,  J r .  (1937) Pp. 39, 3 plates (2 colored), 3 figures, 1 map 
No. 39. Faunal Relationships and Geographic Distribution of Mammals in Sonora, Mexico. 
By William H. Burt. (1938) Pp. 77, 26 maps. 
No. 40. The Naiad Fauna of the Huron River, in Southeastern Michigan. By Henry van der 
Schalig. (1938) Pp. 83, 12 plates, 28 figures, 18 maps 
No. 41. The Life History of Henslow's Sparrow, Passerherbulus henslowi (~uduhon). By A. 
Sidney Hyde. (1939) Pp. 72, 4 plates, 3 figures, 1 map. 
No. 42. Studies of the Fishes of the Order Cyprinodontes. XVI. A Revision of the Goodeidae. 
By Carl L. Hubbs and C. L. Turner. (1939) Pp. 85, 5 plates 
No. 43. Aquatic Mollusks of the Upper Peninsula of Michigan. By Calvin Goodrich and Henry 
van der  Schalie. (1939) Pp. 45, 2 maps. 
*No. 44. The Birds of Buckeye Lake, Ohio. By Milton B. Trautman. (1940) Pp. 466, 15 
plates and a frontis., 2 maps. $4.50. 
No. 45. Territorial Behavior and Populations of Some Small Mammals in Southern Michigan. 
By William H. Burt. (1940) Pp. 58, 2 plates, 8 figures, 2 maps 
No. 46. A Contribution to the Ecology and Faunal Relationships of the Mammals of the Eavis 
Mountain Region, Southwestern Texas. By W. Frank Blair. (1940) Pp. 39, 
3 plates, 1 map 
No. 47. A Contribution to the Herpetology of the Isthmus of Tehuantepec. IV. By Norman 
Hartweg and James A. Oliver. (1940) Pp. 31. 
No. 48. A Revision of the Black Basses (Micropterus and Huro) with Descriptions of Four 
New Forms. By Carl L. Hubbs and Reeve M. Bailey. (1940) Pp. 51,6  plates, 
1 figure, 2 maps 
No. 49. Studies of Neotropical Colubrinae. VIII. A Revision of the Genus Dryadophis Stuart, 
1939. By L. C. Stuart. (1941) Pp. 106, 4 plates, 13 figures, 4 maps 
No. 50. A Contribution to the Knowledge of Variation in Opheodrys vernalis (Harlan), with the 
Description of a New Subspecies. By Arnold B. Grobman. (1941) Pp. 38, 
2 figures, 1 map 
No. 51. Mammals of the Lava Fields and Adjoining Areas in Valencia County, New Mexico. 
By Emmet T. Hooper. (1941) Pp. 47, 3 plates, 1 map 
No. 52. Type Localities of Pocket Gophers of the Genus Thomomys. By Emmet T. Hooper. 
(1941) Pp. 26, 1 map . 
No. 53. The Crane Flies (Tipulidae) of the George Reserve, Michigan. By J. Speed Rogers. 
(1942) Pp. 128, 8 plates, 1 map 
No. 54. The Ecology of the Orthoptera and Dermaptera of the George Reserve, Michigan. 
By Irving J. Cantrall. (1943) Pp. 182, 10 plates, 2 maps 
No. 55. Birds from the Gulf Lowlands of Southern Mexico. By Pierce  Brodkorb. (1943) 
Pp. 88, 1 map . 
No. 56. Taxonomic and Geographic Comments on Guatemalan Salamanders of the Genus 
Oedipus. By L. C. Stuart. (1943) Pp. 33, 2 plates, 1 map 
No. 57. The Amnicolidae of Michigan: Distribution, Ecology, and Taxonomy. By Elmer G. 
Berry. (1943) Pp. 68, 9 plates, 10 figures, 10 maps 
No. 58. A Systematic Review of the Neotropical Water Rats of the Genus Nectomys 
(Cricetinae). By Philip Hershkovitz. (1944) Pp. 88, 4 plates, 5 figures, 2 maps 
No. 59. San Francisco Bay a s  a Factor Influencing Speciation in Rodents. By Emmet T. 
Hooper. .(1944) Pp. 89, 5 plates, 18 maps 
No. 60. The Fresh-Water Triclads of Michigan. By Roman Kenk. (1944) Pp. 44, 7 plates, 
5 figures . 
No. 61. Home Range, Homing Behavior, and Migration in Turtles. By Fred R. Cagle. (19441 
Pp. 34, 2 plates, 4 figures, 1 map 
No. 62. Monograph of the Family Mordellidae (Coleoptera) of North America, North of 
Mexico. By Emil Liljeblad. (1945) Pp. 229, 7 plates 
No. 63. Phylogenetic Position of the Citharidae, a Family of Flatfishes. By Carl L. Hubbs. 
(1945) Pp. 38, 1 figure 
No. 64. Goniobasis livescens of Michigan. By Calvin Goodrich. (1945) Pp. 36, 1 plate, 
1 figure, 1 map 
No. 65. Endemic Fish Fauna of Lake Waccamaw, North Carolina. By Carl L. Hubbs and 
Edward C. Raney. (1946) Pp. 30, 1 plate, 2 maps 
No. 66. Revision of Ceratichthys, a Genus of American Cyprinid Fishes. By Carl L. Hubbs 
and John D. Black. (1947) Pp. 56, 2 plates, 1 figure, 2 maps 
No. 67. A Small Collection of Fishes from Rio Grande do Sul, Brazil. By A. Lourenqo 
Gomes. (1947) Pp. 39, 3 plates, 2 figures 
No. 68. The Cyprinodont Fishes of the Death Valley System of Eastern California and South- 
western Nevada. By Robert R. Miller. (1948) Pp. 155, 15 plates, 5 figures, 3 map! 
No. 69. The Amphibians and Reptiles of Alta Verapaz, Guatemala. By L. C. Stuart. (1948) 
Pp. 109, 10 figures, 1 map. 
No. 70. The Land and Fresh-water Mollusks of Puerto Rico. By Henry van der Schalie. 
(1948) Pp. 134, 15 plates, 4 figures, 64 maps 
No. 71. The Animal Life of Temporary and Permanent Ponds in Southern Michigan. By 
Roman Kenk. (1949) Pp. 66, 3 plates, 7 figures, 1 map 
No. 72. Faunal Relationships of Recent North American Rodents. By Emmet T. Hooper. 
(1949) Pp. 28 . 
No. 73. A Study of Small Mammal Populations in Northern Michigan. By Richard H. 
Manville. (1949) Pp. 83, 4 plates, 6 figures, 1 map. 
No. 74. Studies of the Nesting Birds of the Edwin S. George Reserve. Part  I. The Vireos. 
By George M. Sutton. (1949) Pp. 37, 5 plates 
*No. 75. The Birds of Michigan. By Norman A. Wood. (1951) Pp. 559, 16 plates, 1 map. $4.00. 
No. 76. Studies of the Black Swamp Snake, Seminatrix Pygaea (Cope), with Descriptions of 
Two New Subspecies. By Herndon G. Dowling. (1950) Pp. 38, 6 figures, 1 map 
No. 77. A Systematic Review of the Harvest Mice (Genus Reithrodontomys) of Latin America. 
By Emmet T. Hooper. (1952) Pp. 255, 9 plates, 24 figures, 12 maps 
Cloth bound 
No. 78. Studies of Cyprinodont Fishes. XX. A New Subfamily from Guatemala, with Ctenoid 
Scales and a Unilateral Pectoral Clasper. By Carl L. Hubbs. (1950) Pp. 28, 
4 plates, 1 map . 
No. 79. An Analysis of Some Physical Factors Affecting the Local Distribution of the Short- 
tail Shrew (Blarina brevicauda) in the Northern Part  of the Lower Peninsula of 
Michigan. By William 0. Pruitt, Jr.  (1953) Pp. 39, 9 figures 
No. 80. A Comparative Study of the Osteology and Myology of the Cranial and Cervical 
Regions of the Shrew, Blarina brevicaida, and the Mole, Scalopus aquaticus. By 
George R. L. Gaughran. (1954) Pp. 82, 67 figures 
No. 81. A Systematic Study of the Avian Family Fringillidae, Based on the Structure of the 
Skull. By Harrison B. Tordoff. (1954) Pp. 42, 77 figures 
No. 82. The Meibomian Glands of Voles and Lemmings (Microtinae). By Wilbur B. Quay. 
(1954) Pp. 24, 3 plates, 3 figures . 
No. 83. The Comparative Myology of the Mammalian Genera Sigmodon, Oryzomys, Neotoma, 
and Peromyscus (Cricetinae), With Remarks on Their Intergeneric Relationships. 
By George C. Rinker. (1954) Pp. 124, 18 figures 
No. 84. The Burrowing Beetles of the Genus Mycotrupes (Coleoptera: Scarabaeidae: 
Geotrupinae). By Ada L. Olson, T. H. Hubbell, and H. F. Howden. (1954) Pp. 59, 
8 plates, 3 figures . 
No. 85. The Myology of the Pectoral Appendage of Three Genera of American Cuckoos. By 
Andrew J. Berger. (1954) Pp. 35, 4 figures 
No. 86. The Anatomy of \he Diastemal Palate in Microtine Rodents. By Wilbur B. Quay. 
(1954) Pp. 41, 4 plates, 12 figures 
No. 87. Records of Fishes in the John N. Lowe Collection From the Upper Peninsula of 
Michigan. By William Ralph Taylor. (1954) Pp. 50, 1 map 
No. 88. An Annotated List of the Moths of Michigan Exclusive of Tineoidea (~epidoptera). 
By Sherman Moore. (1955) Pp. 87. 
No. 89. Evolution of the Mites Parasitizing Fresh-water Mussels. By Rodger D. Mitchell. 
(1955) Pp. 28, 6 figures. 
No. 90. The Crane Flies of Alaska and the Canadian Northwest (Tipulidae, Diptera). The Genus 
Erioptera Meigen. By C. P .  Alexander. (1955) Pp. 33, 38 figures. 
No. 91. A Brief Review of the Guatemalan Lizards of the Genus Anolis. By L. C. Stuart. (1955) 
Pp. 31. 
No. 92. A Systematic Review of the Middle American Fishes of the Genus Profundulus. By 
Robert Rush Miller. (1955) Pp. 64. 
No. 93. Variation and Systematic Significance of Vertebral Counts in the American Fishes of 
the Family Percidae. By Reeve M. Bailey and William A. Gosline. (1955) Pp. 44. 
No. 94. The Anatomy of the Head of Ctenosaura pectinata (Iguanidae). By Thomas M. Oelrich. 
(In press). 
No. 95. Survival Rates, Longevity, and Population Fluctuations in the White-footed Mouse, 
Peromyscus leucopus, in Southeastern Michigan. By Dana P. Snyder. (1956) Pp. 33, 
3 figures. 
